InTrOduCTIOn
The History, ECG, Age, Risk Factors and Troponin (HEART) Score has become a popular chest pain risk stratification tool in the emergency medicine community and is a simple, structured and practical approach to chest pain risk stratification. With its five parameters, the HEART Score, outlined in table 1, enables emergency physicians to assess the 30-day risk of developing a major adverse cardiac event. [1] [2] [3] The scoring system was developed and validated in an emergency medicine population which sets it apart from other commonly used chest pain risk tools such as the Thrombolysis in Myocardial Infarction 4 and Global Registry of Acute Cardiac Events 5 scores which were derived from a less representative cohort of patients with established acute coronary syndrome.
The diagnostic accuracy of the HEART Score for the identification of adverse events has been validated in several studies [1] [2] [3] and most recently by a comprehensive and well-designed, step wedge trial conducted by Poldevaart et al. 6 However, of all the studies to date, only one study by Plewa et al 7 has had, as its primary outcome, the interoperator reliability of the HEART Score. This study was retrospective and relied on information extrapolated from chart reviews. A recent study by Oliver et al 8 analysed the interoperator variability of the HEART Score as a secondary outcome but was, once again, based on retrospective chart reviews. One prospective and one retrospective study by Mahler et al 9 10 analysed interoperator agreement as a secondary outcome but only among relatively senior doctors; residents and attending physicians. Thus to date no study has prospectively measured the reproducibility of the HEART Score as a primary outcome among both nurses and junior doctors.
In the UK and in many other countries, patients presenting to an ED are primarily assessed by nurses and junior doctors, and initial care is often delivered by junior clinicians under the supervision of consultants. In this regard the care delivered is often described as consultant led rather than consultant delivered. With ED chest pain attendances constituting approximately 6% of all annual attendances
Key messages
What is already known on this subject ► The History, ECG, Age, Risk Factors and Troponin (HEART) Score is a well-established tool for chest pain risk stratification in cases of suspected acute coronary syndrome. ► The interoperator characteristics of the HEART Score have been analysed retrospectively and as a secondary outcome in four publications. ► To date, no research has prospectively evaluated the interoperator agreement for the HEART Score in a diverse population of both doctors and nurses.
What this study adds ► In this prospective, cross-sectional study, senior and junior doctors and nurses assessed HEART Scores on the same patients. ► We found excellent inter-rater reliability suggesting that the HEART Score can be used by both doctors and nurses irrespective of grade or level of experience.
in the UK, 11 it is important that if a risk stratification tool is employed it is both accurate and reproducible, yielding reliable agreement between individuals regardless of their role or seniority. In particular, evidence demonstrating that nurses can also carry out reliable chest pain risk stratification could result in improved and expedited diagnosis and treatment. Despite this, only one study by Carlton et al 12 has included nurses in the evaluation of the interoperator characteristics of another chest pain risk stratification tool, the Goldman Score.
We therefore designed a prospective, cross-sectional study to establish the interoperator reliability of the HEART Score performed in the ED by various grades of doctor and nurse.
MeThOds study design
This was a primary data collection study prospectively conducted in the ED between 31 January and 31 May 2016. The study design analysed the HEART Scores calculated on individual patients by each of the following four categories of rater: senior doctors, junior doctors, senior nurses and junior nurses. Senior doctors were defined as having at least 5 years clinical experience and 3 years emergency medicine training, UK grades senior trainee or consultant. Junior doctors were defined as all who were not senior trainees. Senior nurses were defined as having at least 5 years clinical nursing experience, postgraduate training in emergency nursing and clinical management experience, UK band six and above. Junior nurses were defined as all other qualified nursing staff that were not senior nurses, UK band five or band five star.
study setting
The study was conducted in a large, London ED (census 120 000 patients a year).
Patient inclusion and exclusion criteria
Included in this study were adults aged ≥18 presenting to the ED with non-traumatic chest pain of possible ischaemic origin. Patients were excluded if the ECG showed significant ST elevation in two contiguous precordial (>2 mm) or limb (>1 mm) leads, there was a history of chest trauma, the patient was adjudged to be too unwell to take part such that being enrolled might delay treatment or transfer to a specialist cardiac centre, the patient could not speak English and did not have a relative or friend to translate to an acceptable level as adjudged by the enrolling clinician, the patient had a GCS<14 or was unable to provide consent.
study protocol
Four Good Clinical Practice-certified researchers (one senior doctor, two junior doctors and a senior nurse) working in shifts were involved in approaching patients presenting to the ED with chest pain during the hours of 08:00 and 20:00. Patients were asked if they wished to participate in the study. If the patient consented and was eligible, they were enrolled in the study and were taken to a specified cubicle where they had an ECG performed and blood tests including a lab-based high-sensitivity troponin assay (Abbot Architect Stat High Sensitivity Troponin). The diagnosis, treatment and management decisions for the patients enrolled in the study were undertaken by either the junior or senior doctor that saw the patient as part of the further study protocol outlined below.
After the ECG and blood tests had been performed, two doctors and two nurses interviewed the patient separately and in no prespecified order. Each clinician then proceeded to calculate and enter the HEART Score either via a customised electronic form on the hospital intranet or, if they were unaware of how to access the form, by telling the researcher who would enter the score for them. Participants were blinded to each other's scores and there was no discussion allowed between them, the on-site researcher policed this. As an aide memoire, doctors and nurses were allowed to take a laminated A6 HEART scorecard into the consultation. Clinicians were also allowed to look at the HEART Score posters put up around the department prior to entering their final score.
The troponin result was based on the first available troponin taken in the ED. The time taken for troponin results to come back from the laboratory was variable. If the troponin result had not been uploaded to the electronic patient record system by the time the clinicians had calculated the other four parameters, they were asked to enter '0' on the electronic form. When the result was available, generally within 90 min of blood being taken, the clinicians were asked to score the result and the researcher would update the previously calculated scores accordingly. Calculations were based on a multiple of the absolute cut-offs for the Abbot Architect Stat High Sensitivity Troponin: 34 ng/L for men and 16 ng/L for women. Patients with a troponin value below the cut-off were scored '0', one to two times the cut-off were scored '1' and a value of three or more times the cut-off were scored '2'. If the troponin had been taken <6 hours after the onset of chest pain, a second troponin was sampled 3 hours after the first troponin. Patients with an initial or repeat troponin level above the specified cut-offs were adjudicated to have had an acute myocardial infarction (AMI).
Patients were admitted to the hospital if they had a HEART Score of '>6' or if they were diagnosed with an AMI. The decision to admit and initiate further treatment was made by either the junior or senior doctor that saw the patient as part of the study protocol. Admission and treatment decisions were made after the patient had completed the protocol and did not involve nursing staff.
All medical and nursing staff involved in the study received training prior to the study, in how to perform the HEART Score Original article and interpret its results through an hour-long face-to-face tutorial. The tutorials were standardised, approximately 1 hour long and carried out in four separate sessions to foundation trainees, junior registrars, senior registrars and consultants. This session was repeated at a mandatory nurse training day. The teaching was interactive, practical and focused specifically on how to calculate the ECG, risk factor and history parameters of the HEART Score. For those who were not present at the teaching sessions, a specially designed, 11 min video about the study was posted on YouTube. 13 This can be accessed on https://www. youtube. com/ watch? v= w799yRm7hYg.
Outcomes
The primary outcome measurement was the interoperator agreement as measured by the intraclass correlation co-efficient (ICC) between the four categories of doctor and nurse involved in the study. The diagnosis of AMI was also measured for the cohort and was based on the Third Universal Definition, namely a rise or fall in the troponin value with at least one value above the 99th centile.
14 In this study, the 99th percentile was sex-specific in line with the recommendations of the manufacturers of the Abbot Architect Stat High Sensitivity Troponin.
Analysis
Descriptive statistics were used to describe the demographic data recorded for this study. Age was reported with mean and SD, gender and language proficiency were reported using numbers and relative frequency. Those patients diagnosed with an AMI were expressed as a number and percentage of the total number recruited.
The ICC is a commonly used measure of inter-rater reliability. It is well suited to situations where there are more than two raters and ratings are either discrete ordinal or continuous within specific groups or classes. The ICC is calculated by comparing the variance of ratings within the groups of four with the total variation across all ratings and all patients. 15 There are 10 forms of ICC defined by Shrout and Fleiss 16 of which the most appropriate for an inter-rater reliability study in which the raters are not the same for all subjects is the 'one-way random effects model'. Table 2 illustrates how the various ICC values correlate with level of reliability.
We calculated the ICC to determine the level of overall reliability between the four categories of rater in addition to reliability for each of the individual components of the score. Thereafter we measured reliability when the calculated HEART Scores were stratified first into low (≤3), intermediate (4) (5) (6) or high (≥7) and then again for scores dichotomised into low (≤3) or high (>3) risk. The ICC was used for all calculations and the results were reported with values and 95% CIs.
The Net Reclassification Index (NRI) was then calculated for each of the four categories of rater for the index diagnosis of AMI. The purpose of the NRI calculation was to provide reassurance that the results were not unduly contributed to by one category of rater. This is included as part of the post-hoc sensitivity analysis in the online supplementary appendix.
We used an assumption of non-normality and calculated the median as the measure of central tendency. The Kruskal-Wallis rank-sum test 17 was used to determine whether there was any statistically significant difference between the distributions of HEART Scores for each of the four categories of rater.
The sample size calculation was based on an estimated width of the CI around a chosen ICC as described by Gireudeau et al. 18 The reason for this is that the other method of sample size calculation using null and alternative hypotheses for the correlation coefficients of the population would have been difficult to define and questionable given the lack of knowledge in this area. So, an ICC of 0.8 was chosen indicating good reliability and using four operators with a type 1 error of 0.05, a type 2 error of 0.2 and a 95% CI of 0.1 gave a projected sample size of 120 patients.
The data were analysed using the R-statistical package V.
resulTs
In total, 159 patients were considered for participation in the study of which 54 had exclusion criteria. Thus a total of 105 patients were recruited during the trial period. 4 patients had only one response and 13 had only two or three responses leaving a total of 88 patients who completed the full study protocol. The recruitment process is outlined in figure 1 .
The mean age of the participants was 53.3 years (range 24-87, SD; 15.2 years). Of the 105 patients enrolled, 57 were male (54%) and 48 were female (46%). Of patients who completed the study protocol, 50 (57%) were first-language English speakers and 38 (43%) spoke English as a second language or not at all.
In total, 88 patients completed the study protocol of whom 24 (27%) were admitted to hospital and 9 (10,2%) had a diagnosis of myocardial infarction as defined by the third universal definition of myocardial infarction. 14 A total of 107 doctors and nurses participated in the study including 22 senior doctors, 37 junior doctors, 18 senior nurses and 30 junior nurses. The median HEART Score overall was '3'. The range of scores for each patient as calculated by the raters is illustrated in figure 2 . There was no significant difference between the distribution of the HEART Scores in the four groups using the Kruskal-Wallis test p=0.95.
The average HEART Score was 3.95 for first-language and 3.36 for second-language or non-English-speaking patients. This was not a statistically significant difference (p=0.13) using a two-sample t-test where t=1.531 and df=82.83.
The overall ICC for the HEART Score was 0.91 (95% CI 0.88 to 0.94). The ICCs for age and troponin showed perfect agreement of '1'; risk factors 0.86 (95% CI 0.81 to 0.90), ECG was 0.64 (95% CI 0.55 to 0.73) and history 0.41 (95% CI 0.30 to 0.53). The aggregate HEART Score of the subjective elements (history, ECG and risk factors) had an ICC of 0.78 (95% CI 0.71 to 0.84) ( figure 3) .
Using the original risk categories of the HEART Score, low (≤3), intermediate (4) (5) (6) or high (≥7), the ICC was 0.82 (95% CI 0.77 to 0.87). When the HEART Score was dichotomised into low risk (≤3) or high risk (>3), the ICC was 0.84 (95% CI 0.79 to 0.89).
The results of a post-hoc sensitivity analysis including the NRI are included in the online supplementary appendix. In general, it was observed that there was minimal reclassification between 
dIsCussIOn
The aim of this study was to find out whether or not emergency doctors and nurses could reliably perform the HEART Score irrespective of grade and experience. The principal finding of an ICC of 0.91, defined as 'excellent', 20 strongly suggests this to be true and that neither grade nor experience should preclude any doctor or nurse from being able to apply the scoring system. The ICC statistics demonstrated by this study were higher than the measures of agreement previously published for the HEART Score by Plewa 7 (0.41), Oliver 8 (0.72) and Mahler 9 10 (0.67, 0.81). This could possibly be explained by the various initiatives carried out prior to commencing data collection as well as the differing methodologies. The contrast between the studies was most evident with the ECG (Plewa 0.34 vs our study 0.64) and risk factors (Plewa 0.73 vs our study 0.86). Both ECG and risk factor scoring were clearly defined by Backus and therefore relatively easy to teach. The presence of posters, HEART Score cards and the YouTube video that was circulated through social media may also have further reinforced the learning sessions.
It is worth noting, however, that the objective elements of troponin and age, which show perfect correlation, increase the overall reliability statistic beyond that of the subjective components of the HEART Score alone, namely the ECG, risk factors and history elements. The level of reliability for these combined subjective elements that we observed was still 'good', however, at 0.78 (95% CI 0.71 to 0.84). Of the subjective elements, the history component demonstrated the lowest level of reliability and was 'poor' at 0.41 (95% CI 0.3 to 0.53) and this was despite the various educational initiatives carried out prior to the study. The ICC value for history was similar to the weighted kappa of 0.36 (95% CI 0.23 to 0.48) achieved by Plewa but significantly lower than the value of 0.6 recorded by Oliver et al. 
Original article
The accuracy of a chest pain history is potentially influenced by many factors including gender, 21 language, culture 22 and clinician variation. Backus, one of the original developers of the HEART Score (Backus B, 2015 personal communication June 20) , found that unless directly prompted by a case report form clinicians only recorded about 50% of the relevant information required for a thorough chest pain history. The lack of determinative power of the chest pain history is corroborated by a number of studies that have questioned the value of unstructured clinician assessment. Carlton et al 23 found that when physicians were asked to decide whether a patient's chest pain was 'typical' or 'atypical' based on the history and a non-diagnostic ECG the determination of AMI was limited with a receiver operating curve (ROC) of 0.54 (95% CI 0.40 to 24 found an improved ROC of 0.76 (95% CI 0.7 to 0.82) when chest pain history was classified as either 'definitely not', 'probably not', 'not sure', 'probably' and 'definitely'. Both studies suggested that while increased clinician experience correlated with improved chest pain assessment unstructured chest pain assessment cannot be relied on in isolation to 'rule in' or 'rule out' the diagnosis recommending that chest pain assessment should incorporate the use of risk stratification tools.
0.67). Body et al
However, clinicians still rely heavily on a description of the chest pain to help filter the list of potential differential diagnoses and then decide which decision aid to apply. The unique problem of the HEART Score is that while the chest pain history constitutes 20% of the final score it is also crucial in deciding whether the pain is potentially ischaemic and thus the appropriate tool to use in the first place. This means that even if, as this study shows, the HEART Score can be reproduced reliably despite the history, the problem of correctly selecting the patients on which to perform the score remains.
While this study does not, unfortunately, address the question of initial patient selection, the index diagnosis of myocardial infarction in this cohort was 9/88 (10.2%), which was not dissimilar to that of the studies by Body (17.7%) and Carlton (12.5%). Given that the researchers represented a broad range of clinical experience and included a nurse, two junior and one senior doctor in the recruitment process, this may suggest that the initial selection of patients on whom to perform the HEART Score need not necessarily be a senior doctor. Nevertheless, this study highlights how complex and subjective the assessment of chest pain history is and should remind clinicians of the importance of thorough and comprehensive chest pain assessment as well as of the dangers of over-reliance on clinical judgement alone.
This study used high-sensitivity troponin with sex-specific cut-offs both for the calculation of the HEART Scores and in the determination of the diagnosis of AMI. This is a deviation from the original HEART studies, [1] [2] [3] but the substitution of high-sensitivity troponin for conventional troponin has been shown to be both safe and evidence based. 25 The use of sex-specific cut-offs used in this study was in line with the manufacturer's recommendations and was locally validated prior to the commencement of the study.
The inclusion of both doctors and nurses in this study was predicated on the assumption that if the interoperator reliability was shown to be good then the HEART Score could serve as the basis of a 'common language' with which to communicate chest pain risk within the ED. As such, the findings of the study are encouraging because it suggests that the HEART Score 'language' is, indeed, sufficiently robust to allow nurses to potentially risk stratify patients early on in their ED journey. Whether early risk stratification by nurses would confer any health resource allocation benefits in terms of expedited discharge for 'low risk' patients is still unclear. In the stepped wedge trial by Poldevaart et al, 6 the introduction of the HEART Score did not result in any significant differences in early ED discharge compared with usual practice. However, Poldevaart suggested that this finding may have been due to clinicians failing to follow the dispositional recommendations made for each of the three risk categories, namely early discharge for low risk, observation and further testing for the intermediate group and admission for the highrisk category. Clearly, further research is required to ascertain if the inclusion of nurses as chest pain risk stratifiers early on in the patient journey would ultimately result in improved safety and efficiency gains for EDs.
This study contrasts with previous attempts to measure the interoperator characteristics of the HEART Score in the method of defining the risk categories. Plewa 7 and Mahler 8 9 dichotomised the HEART Score into low risk (HEART Score of '3' or less) versus high risk (HEART Score more than '3') which is probably an oversimplification given that a significant percentage of patients fall into an intermediate category of risk, requiring further observation, serial ECG and troponin testing. In the original studies by Backus et al, [1] [2] [3] 'intermediate risk' was defined as a HEART Score of '4' to '6'. This study, by contrast, not only measured the interoperator agreement across Backus' three, originally specified risk categories: low, intermediate and high but also included nurses in the four categories of rater.
A further strength of this study was that it was the first prospective analysis of interoperator agreement for the HEART Score lending greater validity to the results. This study was carried out in a typical, inner city, secondary care ED which is likely to have similarities to others throughout the UK and the world, therefore increasing the generalisability of the findings.
lIMITATIOns
While it is not possible to define the impact that the educational programme had on the agreement of the aggregate HEART Scores, it would be reasonable to assume that it did have an overall, positive effect on interoperator agreement. However, the educational programme did not teach clinicians how to appropriately identify that cohort of chest pain patients with suspected acute coronary syndrome (ACS) on whom the HEART Score's application would be appropriate. Whether all grades of doctor and nurse could apply the HEART Score to the correct patient cohort is still unanswered by this paper.
Another limitation of this study as regards the 'history' component was the potential for miscommunication and subsequent under-reporting of the history in patients who were not native English speakers. One of the exclusion criteria for this study was lack of ability to speak English or absence of a family member to translate and this may have resulted in a recruitment bias towards subjects with better English proficiency. This is doubtful, however, given that a substantial percentage of the patients recruited (43%) were not first-language speakers. Nevertheless, the lack of a standardised approach to advocacy and translation for the recruited patients with limited English could have contributed to the poor reliability statistic for the history and future studies should address this methodological shortcoming.
Unfortunately there was no randomisation in the order in which clinicians saw the patients. There was a trend towards junior and senior nurses carrying out the first HEART Score as part of the initial assessment process and this may have led to history 'priming' by the time the patient was interviewed by the fourth clinician. There were also some clinicians in each group who performed more HEART Scores than others. These clinicians could have been more engaged with the study, better versed in how the HEART Score worked and this may have resulted in a degree of selection bias.
Finally, the study did not enrol the 120 patients initially calculated on the sample size estimation. While the desired CI width used for the sample size calculation was achieved, this was likely due to the fact that the actual ICC was higher than the one initially used in the sample size estimation. It is known that ICCs that are very high or low tend to have less variability and thus narrower CIs.
Original article Future research
Questions remain about the reliability of the HEART Score that could be answered by future studies. While this study confirms that both doctors and nurses can reliably perform the HEART Score, this study did not address the interoperator agreement between clinicians within each of the four categories used in this study.
The healthcare profession is increasingly using information technology in the form of electronic patient records and decision support software. In the hospital where this study was conducted, all patient records are electronic and translating the HEART Score into an electronic form with built in checklists, particularly for the 'history' component, would be possible. How such an innovation would affect reliability, consistency and the selection of patients on whom to calculate the HEART Score or any other risk stratification tools is an area of direct relevance to emergency medicine and could form the focus of future research.
COnClusIOn
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